Issues related to protein fermentation in the intestines of pigs by Bindelle, Jérôme
Issues related to protein 
fermentation in the intestines of 
pigs 
Jérôme Bindelle 
University of Liège, Gembloux Agro-Bio Tech 
Animal Science Unit 
jerome.bindelle@ulg.ac.be 
Methods used 
• In vitro digestibility and 
fermentation models 
• In vivo  growth and 
digestibility experiments 
• Challenges (Salmonella 
enterica Typhimurium) using 
a Trojan model 
 
Intestinal microbiota in pigs 
• Mainly Gram + 
– strict anaerobe Streptococcus, Lactobacillus, 
Peptostreptococcus, Clostridium, Eubacterium, 
(Bifidobacterium,, Ruminococcus, Escherichia) 
• Gram – 
– Bacteroides, (Fusobacterium, Selenomonas, 
Butyrivibrio, Prevotella) 
• High population of lactobacilli in proximal GIT 
(small intestine) 
(Leser et al., 2002 AEM 68:673) 
When did breeders start to be (really) 
interested in microbiota in pigs ? 
 
Weaning, a multifactorial issue highly 
related to feeding 
Changes during the first days post-
weaning in piglets 
(Molist et al., in press) 





















Plant protein of lower quality? 
















In vitro digestibility of various protein sources 





Proportion of bacteria in ileal digesta 
after before and just after weaning 
(Yung et al , 2008) 











































Dietary Protein Level (%) 
% K88 Neg.
% K88 Pos.



































Heo et al. 2009 JAS 87:2833 
High CP diets/E. coli challenge 
and days in diarrhea 
Days 0-19  
Post Challenge 
Consequences? 
• For years, systematic supplementation of 
starter diets with antibiotics at weaning to 
prevent overgrowth of pathogens 
Why is CP content and digestibility so 
critical in piglets? 
 
The evils of protein fermentation in 
the intestines of piglets 
Indigestible protein 
Source of N for bacteria 
Fermented for energy 
Decarboxylation Deamination Elimination 
Polyamines BCFA SCFA NH3 H2S Phenols/indoles 
Fecal N 
Receptor ligands, cell proliferation, cytotoxicity, buffering 
Tigh junction failure, reduced barrier function 
=> Inflamation, translocation of pathogens 
Monoamines 
Toxicity of protein fermentation 
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Source of variation P-value 
Ingredient 
Reducing agent 




(Poelaert et al, personnal communication) 
Strategies now? 
• Delayed weaning 21 => 28 d 
• Reduce CP content of diets and supplement 
with synthetic AA 
• High level of Cu and Zn in weaners diets 
• Addition of pro- & prebiotics 
– Lactobacilli, Bacilli, yeasts, yeasts extracts, 
oligosaccharides, DF, etc. 
 
Fermentable CHO 
Source of energy for bacteria Fuels commensal 
bacterial growth 











gene expression of brush border digestive enzymes, etc 
=> Preserved health, better performances 
Indigestible CHO to fight PWS? 















































































Ordination model explained by fibre content 





Roseburia faecalis,  
Clostridium sulfatireducens 




(Bindelle et al. 2009 JPPA) 
Effective protection of hulless barleys 
















































BCFA Ammonia Putrescine Histamine Cadaverine Spermidine Spermine
Low protein/low CHO Low protein/high CHO
High protein/low CHO High protein/high CHO
Using SBP to reduce soybean 
autoclaved protein fermentation? 
Protein P < 0.01 
Fibre P < 0.01 
Protein P < 0.01 
Protein P < 0.01 
(Pieper et al 2012 J. Nutr) 




b Protein P < 0.01 
Fibre P < 0.01 





























Low protein/low CHO Low protein/high CHO
High protein/low CHO High protein/high CHO
… not on all points 
(Pieper et al 2012 J. Nutr) 
Protein P < 0.01 Protein P < 0.01 
Protein P < 0.01 
But weaning is not the only issue 
related to protein fermention in pigs… 
Tryptopohane fermentation pathways 
 
(Windey et al, 2012) 
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(Lösel & Claus, 2005) 
Protein fermentation leads to 
increased environmental footprint 
• Excess in protein fermentation shifts the form 
of N-excretion in pigs from protein to urea 
• Problem of stability in the manure => 





















N excretion pathways and fermentable 
fiber 





















P = 0,63 Linear P< 0,01 
Quadratic P = 0,044 
Conclusion 
Avoiding protein fermentation in the pigs intestines 
= positive for health, meat taste and environment 
 
Pending question: 
 If fermentable fibre is efficient at reducing 
 protein fermentation and susceptibility to 
 Salmonella, why does it not improve 
 inflammatory parameters? 
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